Objective: The aim of the study was to evaluate the association between subgingival restorations and the target periodontopathogenic bacteria (Pg, Td and Pi) in subgingival biofilm during one year after combined restorative- 
Introduction
Gingival recessions and noncarious cervical lesions (NCCLs) are frequently associated with the same tooth surface, forming a combined defect, and are closely related 34 . These combined defects result in numerous aesthetic and functional problems, and a comprehensive treatment approach is required to address the issue. A combined restorative-periodontal therapy, in which the restorative therapy is completed before mucogingival surgery, has been proposed for the treatment of gingival recession that is associated with NCCLs 14, 27, 36 . Following the healing period after surgery, the soft tissue is positioned over a part of the restorative material and the apical border of the restoration is in the subgingival area. However, the response of the gingival tissues to the restorative materials is very important, and this relationship has been thoroughly investigated over many years 18 . It has been reported that subgingival restorations are associated with greater plaque accumulation, bleeding on probing, and attachment loss 17 , while other studies have indicated that the restorations do not result in greater biofilm formation, bacterial accumulation and clinical attachment loss, compared with non-restored areas 7, 23, 28 .
Bacterial composition on subgingival restorations can trigger the development of periodontal disease.
It has been suggested that some members of this composition, known as "keystone pathogens", could regulate biofilm virulence and modulate the host immune response 9, 11, 13 . Longitudinal studies have
shown that periodontal disease progression can be predicted by the levels of Porphyromonas gingivalis (Pg) and Treponema denticola (Td) in subgingival plaque 3, 9, 12 . Moreover, it has been reported that Pg and Prevotella intermedia (Pi) are more frequently associated with deeper periodontal pockets 31 .
Various dental materials and surgical approaches have been used to manage these combined defects, in order to provide the most predictable combined restorative-periodontal treatment 14 . In this treatment method, resin composites or resin-modified glass ionomer cements (RMGIs) have been commonly used to restore NCCLs 19 , and gingival recessions have been treated using the coronally advanced flap (CAF) technique, either alone or in combination with a connective tissue graft (CTG) 14, 21, 24, 28 . Some of the previous studies evaluated the effects of subgingivally placed restorative materials on periodontopathogenic bacteria in the combined restorative-periodontal treatment 23, 28 . However, there is a lack of information in the current literature regarding the effect of subgingival restorations that are carried out using nanofilled composite resin (NCR), RMGI and giomer on periodontopathogenic bacteria in the treatment of gingival recessions associated with NCCLs.
The primary objectives of this study were to evaluate the association between subgingival NCR, RMGI and giomer restorations and three periodontopathogenic bacteria (Pg, Td and Pi) in subgingival biofilm during one year after combined restorative-periodontal treatment, and to examine the correlations between these pathogens and the clinical data.
Material and methods
Study design and population NCCLs were randomly allocated to three treatment groups using a computer-generated randomization scheme, as follows: NCR+CTG group, in which the combined defects were restored with NCR and treated by CTG; RMGI+CTG group, in which the combined defects were restored with RMGI and treated by CTG;
Giomer+CTG, in which the combined defects were restored with giomer and treated by CTG.
The sample size was calculated considering a 0. 
Microbiological analysis

Sample preparation and bacterial culture
As positive controls, Pg ATCC#33227 and Pi
ATCC#2561 strains were cultured in Fastidious
Anaerobe Agar (Merck, Darmstadt, Germany) supplemented with 10% sheep blood agar, Vit K (1µg/ ml) and hemin (5 µg/ml) in an automatic anaerobic chamber (Electrotek, Devon, United Kingdom) with an atmosphere of 80% N 2 , 10% H 2 and 10% CO 2 at 37°C for 2-7 days. One loopful of a colony of each cultured strain was suspended in 1 ml of sterile distilled water and used for genomic DNA extraction after measuring the amount of DNA quantified by NanoDrop (ThermoFisher Scientific, Helsinki, Finland). These were used as controls.
DNA extraction of the sample
The subgingival samples, suspended in 200 µl 1x TAE buffer, were homogenized by vigorous mixing on a vortex. After homogenization, the genomic DNA from all of the samples was extracted using the In our study design, absence of a control group (CTG alone) can be considered a limitation. However, previous studies have demonstrated that the surgical procedures alone could not suffice to reduce dentin hypersensitivity and to provide better aesthetic results 21, 22, 24, 26, 36 . Moreover, well-finished subgingival restorations have not been reported to trigger development of periodontal inflammation in combined restorative-periodontal treatment 14, [21] [22] [23] [24] [25] [26] [27] [28] . Therefore, this study was hypothesized to reveal the most satisfactory type of restorative material via microbiological evaluation in the combined periodontal/restorative treatment.
Conclusion
Within the limitations of this study, it was shown that subgingival placement of restorative materials did not negatively affect the subgingival microflora during the 12-month period after performing combined restorative-periodontal treatment. In addition, the study indicated that NCR, RMGI and giomer showed similar effects on periodontopathogenic bacteria in the treatment of gingival recessions that are associated with NCCLs.
